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Both in New Zealand and abroad, the rate of workplace accidents is extremely high and leads 
to significant human and financial loss. While measurement alone will not solve the issue, 
organisations measuring health and safety-related behaviours and abilities can provide an 
important step in reducing potential adverse events. Unfortunately, the existing tools to 
measure factors are susceptible to issues around self-report or do not measure appropriate 
behaviours predictive of accident outcomes. As hazard recognition is a leading cause in 
workplace accidents, the Hazard Awareness Test (HAT) was developed as a gamified, 
objective tool to measure job candidates hazard recognition abilities. Past validation of the 
HAT showed promising findings, but the validation methods were concurrent rather than 
predictive. The present study had two main aims; to further validate the HAT as a criterion 
valid tool using a predictive validation method and to validate a shorter, more commercially 
viable version of the tool, the 4pHAT. Seventy participants completed the HAT/4pHAT and a 
lab-based hazard recognition task one week later. In addressing the criterion-related validity 
of the measures, the results indicated that the HAT and the 4pHAT are effective measures of 
hazard recognition ability. The implications of these results in an applied context are 











The introduction begins by examining the current state of organisational health and 
safety both in New Zealand and abroad, addressing both the human and financial cost of 
workplace accidents. The current New Zealand health and safety legislation is reviewed and 
its impact on the workplace is addressed. Insight is then given to the theoretical rationale 
behind the causes of accidents at both an organisational and at the individual level. The role 
that hazard recognition plays in the accident process is then examined, as well as how it is 
developed as an ability through experience and gained safety knowledge. Given many 
accidents and incidents are associated with human behaviour it is useful for organizations to 
screen individuals for safety-related abilities at the time of recruitment. Thus, how safety 
ability and behaviours can be measured during the employee selection process using tools 
that are currently available in the market is reviewed. Potential pitfalls of these measures, as 
well as the limitations of self-report assessment such as interviews, are addressed, with a 
discussion on how these issues could be solved through the development of more objective 
measures.  Two such measures of hazard recognition ability are described – the HAT and the 
4pHAT, along with the gamification principles used for their development.  The introduction 
then turns to the focus of this work being an investigation of the criterion-related validity of 
the HAT and 4pHAT, and the method used to validate them is discussed, along with an 
examination of the criterion measures.  The introduction concludes with several predictions.   
 
Health and Safety in New Zealand and Abroad  
 According to the International Labour Office (ILO) (2018), more than 2.8 million 
deaths per year can be attributed to occupational accidents or work-related diseases. A further 
374 million non-fatal work-related injuries and illnesses occur each year. As well as the 
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significant human loss, the economic cost of poor health and safety practices leading to death 
and injury is estimated to be close to 4% of global gross domestic profit yearly. Even more 
troubling is potentially up to 80% of workplace incidents are going unreported, suggesting 
the actual impact could be significantly greater (Probst, Barbaranelli & Petitta, 2013).  
 New Zealand doesn’t fare any better. Based on ACC data and reports to WorkSafe 
New Zealand, 72 workplace fatalities occurred in New Zealand across all industries in the 
2017 calendar year, as well as close to 3000 serious workplace injuries or illnesses 
(WorkSafe, 2018). In that same year, 231,100 work-related claims were made to ACC, with 
the number increasing since 2012 (ACC, 2017). It was estimated that in 2010, work-related 
incidents cost the country approximately $3.5 billion, or around 2% of GDP. Though 
depending on how these costs are measured, the estimate is closer to $20 billion (Independent 
Taskforce on Workplace Health and Safety, 2013). The nature of our economy in New 
Zealand lends itself to high-risk industries such as agriculture, inflating our accident rates. 
Manufacturing, construction, agriculture, forestry and fishing make up more than 50% of 
ACC claims each year as well as having the highest rates of claims, ranging from 24 to 32 
claims per 1000 full-time workers (Independent Taskforce on Workplace Health and Safety, 
2013).    
 
New Zealand Health and Safety Legislation 
2016 saw a major shakeup in the health and safety legislation of New Zealand. 
Following the independent task force's review of workplace health and safety in 2013, the 
Health and Safety at Work Act 2015 (HSWA) was developed, alongside the establishment of 
WorkSafe New Zealand (WorkSafe New Zealand, 2017a). The main goal of the new Act was 
to afford workers “the highest level of protection from workplace health and safety risks, as is 
reasonable” (WorkSafe New Zealand, 2017a), through a change from the previous recording 
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and monitoring focus of health and safety practices, to a proactive system that attempts to 
manage risks before they become problematic. Among the changes was the shift of primary 
responsibility to organisations. While the Act is clear about health and safety being 
everyone’s responsibility to some degree, the onus on organisations to ensure safe working 
environments, mitigate risks where possible, and to carry out due diligence, shone a much-
needed light on the importance of health and safety. Significant penalties were put in place by 
the HSW Act to create liability to encourage organisations to follow the new legislation. If an 
employee is exposed to the risk of injury, illness or death, without a reasoned excuse and the 
employer did not meet their responsibilities outlines in the HSWA, they are liable for a fine 
of up to $600,000 or up to 5 years in prison (Section 47, Health and Safety at Work Act, 
2015). The penalties are even more severe for the organisation, with a fine of up to $3 million 
able to be handed down.   
The employee themselves also has direct reasonability’s under the HSWA. Firstly, 
they must be responsible for their own health and safety. For example, if they believe they are 
being exposed to risk, they may cease working, so the situation can be remedied (WorkSafe 
New Zealand, 2017b). They must also ensure their actions do not put others at risk and must 
comply with reasonable health and safety policies, procedures or instructions given by the 
employer (WorkSafe New Zealand, 2017b). The HSWA encourages communication and has 
provisions for worker engagement in the form of health and safety representatives and 
committees. While workers are under no legal obligation to take part in this communication 
process it is hoped the HSWA creates the ability and willingness for this to happen. 
 
Workplace Health and Safety  
Within the workplace, safety is defined as the state of operations where the risk of 
damage, loss or injury is minimised or eliminated (Young, 2012). Workplace health and 
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safety comprises of all activities within the workplace and does not only apply to high-risk 
sectors such as construction and agriculture, with seemingly low-risk environments such as 
offices also included in the definition (Lamm, 2009). Organisations now, due to the legal 
liability placed on them by the HSWA (2015), must invest time and resources into ensuring 
their workplaces are as safe as is practical. In the past, investment into health and safety was 
limited due to no clear return on investment coming from it (Maudgalya, Genaidy & Shell, 
2008). In the current climate, the cost of poor health and safety practices leading to unsafe 
acts in the workplace can have significant legal penalties, but further costs are also prevalent. 
Both direct costs, such as loss of employee time or plant damage, and indirect cost, including 
recruiting new employees to replace injured ones, or damage to reputation, can have a 
substantial impact financial impact on the organisation (Neal & Griffin, 2006). For 
organisations to fully take charge of their health and safety practices and reduce their 
accidents rates, an understanding of how and why accidents occur can be highly beneficial.  
Research has developed a number of models of accident causation which are examined in the 
next section.   
 
Accident Models  
Accidents will most often have several factors that influence their outcome. These 
factors arise across all levels of the organisation, from the policies put in place by the 
organisation, though to the behaviour of supervisors and the actions of the workers on the 
ground (Shappell & Weigmann, 2000). The root causes of these accidents generally come 
from pre-existing issues within the organisation’s safety systems (Reason, 1990). Shappell 
and Weigmann’s (2000) Human Factors Analysis and Classification System (HFACS) clearly 
lays out the potential influences on an accident occurring. The model identifies four key 
stages across an organisation where a failure needs to occur, for an accident to result. Firstly, 
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issues surrounding the top level of the organisation, such as poor selection procedures, failed 
chain of command or poor safety programs create the first step for an incident to occur. Next, 
failures in supervision and leadership on the ground, such as a lack of training or 
inappropriate directions create the next step. Then, any adverse physical, mental or 
psychological conditions that an individual is under, leads to the final step in which an 
individual either has an error in their performance (unintentional) or internationally violates 
correct behaviours in the situation. While organisations have the obligation to create an 
environment that is as safe as is reasonable, it is accepted that things within a large system 
may be missed and therefore leave the system vulnerable to failures. This is where the 
abilities of individuals have an effect. Unintentional failures on the part of the individual such 
as the failure to identify a risk due to a lack of hazard knowledge or perceptual abilities can 
act as the final catalyst in a system to cause an accident (Reason, 1990).  
Ramsey’s (1985) Accident Sequence Model seeks to explain the process individuals 
go through from when they are exposed to a hazardous situation to a potential accident 
occurring. After exposure to a hazard, they must first use their sensory abilities to physically 
perceive the hazard. Next, utilising past knowledge, they must realise that what they have 
perceived is hazardous and therefore dangerous to them. They then need to decide to avoid 
the hazard and finally need to have the physical ability to avoid the hazard. If any of these 
four steps are violated, it will likely lead to an accident occurring. Key to this process is 
hazard recognition.   
 
Hazard Recognition  
Hazard recognition is the first step in the safety management process (Perlman, Sacks 
& Barak, 2014), and is concerned with the first two steps in Ramsey’s (1985) model; the 
sensory perception of a stimulus and the knowledge that is it a hazard. Failure of hazard 
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recognition, by the individual in this step, not only increases the chance of an acute failure 
but also increases the risk of future accidents (Carter & Smith, 2006). If workers are failing to 
identify hazards in their working environments, and therefore not communicating these 
issues, it is not possible for organisations to rectify these issues. This also limits the ability of 
organisations in New Zealand to meet their obligations under the HSWA to mitigate the risk 
of the hazards that are present (Health and Safety at Work Act, 2015).  
 Health and safety statistics reflect certain industries as having greater accident rates 
than others. It seems reasonable to assume that high risk working environments, such as 
construction, forestry and agriculture would have a larger number of accidents compared to 
office work, given the dynamic nature of the working environment and the number of 
potential hazards present. The new health and safety legislation in New Zealand should have 
an impact on the accident rate, from an organisational perspective. Conditions for unsafe acts 
to occurs should be greatly reduced by a larger focus on reducing risk in the first place. This 
now means, more than ever, that a focus on individuals safety performance is paramount to 
reducing the number of workplace accidents further. Haslam, et, al. (2005) conducted a 
review of 100 incident reports of accidents occurring in the construction industry. Seventy 
percent of the reports highlight individual workers or work teams as a key factor in accidents, 
similar to the 70 – 80% figure sighting ‘human error’ as a determining factor in accident 
reviews (Rasmussen, 1997). Of significance to the present study was that in 42% of the cases 
investigated by Haslam, et, al. (2005), inadequate hazard recognition could be linked to the 
cause of the accident.  
Two key factors make up the hazard recognition process; detection and knowledge. 
Kowalski-Trakofler and Barrett (2003) pose a five-step model of hazard recognition: 
Detection of sensory cues – Attentional Selection – Recognition of Hazard – Confirmation of 
Hazard – Appropriate Response. These five steps can be grouped into two core factors. For 
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an individual to detect a hazard they must sense the hazard and give attention to it (Jeelani, 
Albert, Azevedo & Jaselskis, 2016). To conclude that what has been sensed is a hazard, an 
individual utilises their past knowledge of hazards to perceive and confirm the hazard. The 
final step proposed by Kowalski-Trakofler and Barrett (2003) goes beyond the recognition of 
a hazard and is more concerned with the behavioural response once a hazard has been 
identified.  
Bahn (2013) conducted a workshop assessing the hazard recognition abilities of 77 
miners in Australia. Workers were given clear examples of hazards across four different 
typologies (obvious, trivial, emerging and hidden hazards), they were then asked to identify 
the hazards encountered in their own work areas. The study found that on average, only 46% 
of the hazards were identified. While those with less experience underground in the mines (3 
years or less), performed worse than the rest, it was concluded that more training was needed 
for all members of the organisation, with even experienced workers and supervisors 
performing poorly. Perlman, Sacks and Barak (2014) conducted a study assessing the hazard 
recognition abilities of civil engineering students, site superintendents and safety directors. 
They were made to identify hazards that would be seen in a typical construction project via 
one of two methods. The first was identifying hazards presented on a photograph of 
construction sites or on construction drawings. The second method utilised a three-sided 
virtual reality construction site in which individuals were to identify 48 different hazards. The 
virtual reality method aimed to replicate a real site without exposing participants to any 
undue risk. This method aligns with the ‘Hazard Lab’ utilised in the present study, with 
further discussion on this in a later section. Perlman, Sacks and Barak (2014) found that the 
percentage of hazards correctly identified by participants ranged from 27% to 44%, with no 
significant differences being identified between the three different subject groups. This 
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suggested that experience level on the job had no effect on individual hazard recognition 
abilities.  
The danger of a failure of hazard recognition can be two-fold. Firstly, it increases the 
potential of individuals being involved in an accident, as they are not picking up potential 
risks. Secondly, the ability that the management of an organisation has to reduce further 
incidents is significantly reduced. If workers are not identifying hazards in their workplace, it 
is not possible for said hazards to be removed or mitigated, potentially leading to more 
accidents (Albert, Hallowell, Skaggs & Kleiner, 2017; Namian, Albert, Zuluaga & Jaselskis, 
2016).   
Hazard recognition is an ability that can be developed in an individual over time 
through training and experience (Albert, Hallowell & Kleiner, 2013). Carter and Smith 
(2006) conducted a study assessing the hazard identification of three construction sites in the 
United Kingdom. They reviewed method statements from the sites, that included a detailed 
report on the hazards identified on the site and compared them with the actual number of 
hazards on the site (identified by the researchers). Hazard identification ranged from 67% to 
90% across the three sites, with Cater and Smith concluding these results as being ‘far from 
ideal’. While the study did not look at hazard recognition at the individual level across the 
site, those completing the site method statements had to utilizes their own hazard recognition 
skills. What is of most relevance to the present study was their proposal of a lack of 
knowledge being a barrier to improving hazard recognition. This knowledge would be gained 
either through past experience in similar situations or through specific training to increase 
their abilities (Perlman at, al., 2014). Albert et, al. (2013) put workers through a program that 
taught them how to decompose basic job tasks to; identify hazards, identify the role they 
played in communicating said hazard and reviewed the situation to notice any changes that 
needed to be made in their hazard recognition performance. After the program, workers 
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showed a 31% increase in hazard recognition on construction site photos. The process 
increased the safety knowledge of all the workers, becoming aware of what was and wasn’t a 
hazard, and made them more attentive to perceiving hazards in their environments. As hazard 
recognition is able to be learned and increased, it is, therefore, going to be on a spectrum for 
the general population. This means that individuals will vary in their hazard recognition 
abilities, so it seems obvious then to measure this ability in prospective employees. In this 
selection setting, it can show the current levels of hazard recognition ability an individual has, 
and therefore whether they will be suitable for the role. 
 
Safety in Recruitment and Selection  
 The number of employees within an organisation that fail to behave in a safe manner, 
or have poor safety abilities, has a direct relationship with the number of incidents and 
accidents within said organisation (Neal & Griffin, 2006). Organisations can reduce the 
number of employees with poor safety behaviour, and consequently reduce the number of 
accidents, by utilising the recruitment and selection process to predict the safety behaviours 
of potential new employees. 
In the past, this was assessed through data pertaining to candidates past accident 
history.  However, this is a problem with the assumption that past accident involvement will 
predict future accident involvement.  Laughery and Vaubel (1989) reviewed a database of 
12786 accidents for 2259 different individuals, collected from a petrochemical complex over 
an 11-year period. They found significant positive correlations between individuals past 
accident experience and their current safety behaviours. Similar results were found by 
Kouabnan’s (2002) study of the road accidents of 553 individuals. They found that drivers 
who had previously been involved in a vehicle accident were less likely to engage in risky 
behaviours, such as speeding, and more likely to be more careful and cautious drivers (m = 
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82.42 versus 85.96 on the risk-taking index). While the relationship between past accidents 
and safety behaviour is clearly outlined by these studies, it still poses a significant issue. This 
method does not give employees an idea of the safety behaviours of those who have never 
been involved in an accident. More predictive approaches to identify safety behaviours would 
be needed for these individuals. These predictive approaches could be in the form of 
competency-based application blanks, or through structured interviews assessing specific job-
related safety behaviours (Levashina, Hartwell, Morgenson, & Campion, 2014: Wood & 
Payne, 1998). 
 
Interviews and Self Report Limitations 
One major limitation that can arise from an application black or interview method of 
obtaining safety behaviour information for candidates, stems from issues with self-reported 
data. Self-report is prone to several issues, the most prevalent of which is social desirability 
bias (Arnold & Feldman, 1981). Individuals want to present themselves in the most 
favourable light that they can, in order to appear better than they are (Podsakoff, & Organ, 
1986). Imagine a question in which candidates for a construction role are asked about their 
previous safety behaviour in the workplace. It may be framed as “Please describe the 
behaviours you conducted daily while on site that helped to keep you and your colleagues 
safe”. The candidate is inevitable going to respond in a way that they believe is what the 
interviewer wants to hear with responses such as “wearing all appropriate safety equipment” 
or “communicating all hazards on a construction site to my supervisor”. Directly related to 
social desirability bias in interviews is individual’s tendency to fake. Across six studies, with 
1346 participants, Levashina and Campion (2007) showed high rates of faking and lying 
during employment interviews. Faking behaviours were grouped in three separate categories; 
image creation (creating the image of a good candidate), image protection (protecting a 
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favourable image) and ingratiation (attempting to gaining favourable perception from the 
interviewer). They found that in more than 90% of cases, candidates displayed some level of 
faking behaviours in employment interviews. The tendency for candidates to fake by giving 
socially desirable responses reduces the validity of the interview as an effective method to 
gain information on a candidate’s safety behaviours. To address this, a number of 
psychometric tools have been developed.    
 
Psychometrics in Health and Safety Selection  
A 2010 review by Barrett identified 15 different tools currently available in the 
market to assess the different attributes of safety for both current and prospective employees. 
Table 1 shows a list of these tools with their associated publisher. These tools measure a 
range of factors such as safety knowledge, compliance, participation, motivation and 
adherence to rules in an attempt to predict safety behaviour in the workplace (Barret, 2010). 
All the measures listed below contain at least one personality-based factor being measured, 
with the majority only using personality measures as predictors of safety. It is evident that 
organisations are interested in assessing some health and safety component of prospective 
employees at the selection stage, given the number of measures that have been developed. 
However, little attention has been given to identifying and accurately measuring the factors 
that determine an individual’s safety outcomes (DeJoy, et, al., 2004). A meta-analysis of 
some 90 studies, conducted by Christian et, al. (2009), investigated the relationship between 
personality factors found across the studies, with both ‘safety performance’ and ‘actual safety 
outcomes’. The safety performance factor was an aggregate of safety compliance (Safety-
related behaviours required by the organization) and safety participation (voluntary 
behaviours that had no effect on personal safety but contributed to safety in the greater 
organisational context). Actual safety outcomes referred to accidents and injuries experienced 
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by participants in the review studies. The results showed that while the average correlations 
between the personality measures and the ‘safety performance’ measure were .29, it fell to 
.19 when measured against ‘actual safety outcomes’.  When utilising a personality passed test 
to predict an area of job performance, such as safety performance, Schmidt and Hunter’s 
(1998) meta-analysis of 85 years of validation research, identified that a correlation value of 
.31 was required for a measure to be of significant validity. It is clear from these findings that 
the current crop of measures likely fails to accurately predict the safety outcomes of 
candidates and therefore like does not have the potential to reduce workplace accidents.  
Psychometric tools are also not exempt from the self-report and social desirability 
issues highlight by interviews. Van de Mortel’s (2008) conducted a review of 31 studies with 
self-report measures that also included social desirability scales. The results showed that in 
43% of the studies, the effect of social desirability had a significant impact on the results, to 
the degree that Van de Mortel concluded the results of such studies could be ‘flawed’. In only 
10% of the reviewed studies did the researcher's address or control for social desirability after 
it was identified in the results. King and Bruner (2000) review of nearly 20 years’ worth of 
published research regarding self-report scale design and social desirability bias, showed a 
similar trend. Their review noted that in studies involving scale construction, more often than 
not, scales were not modified in any way, even when significant relationships were found 
between the scale constructs and social desirability scale measures, such as the 33-item 
Marlowe-Crowne Social Desirability Scale (Crowne & Marlowe, 1960), the most widely 
used measure of social desirability.  
Both King and Bruner (2000) and Van de Mortel’s (2008) suggest the researchers 
have the ability to address the issues of social desirability in their scales, but they are failing 
to do so. Researchers designing future scales need to make a concerted effort to address such 
issues or go about methods that reduce these issues altogether. There is a clear need for tools 
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to be developed that address both the limitations of interviews for obtaining health and safety 
behaviour information, that reduce the effect of social desirability bias and act as better 
predictors of actual safety abilities and outcomes. 
 
Table 1.  Currently available Occupational Health and Safety Measures 
Commercial Product  Publisher  
Employee Reliability Inventory  Bay State Psychological Associates Inc.   
Health and Safety Indicator (HSI) OPRA Consulting Group  
Personnel Reaction Blank IPAT Inc. 
Onetest Work Safety Assessment (OWSA) OneTest Pty Ltd. 
Orion Pre Employment System PE3-SAFE Orion System Inc. 
Situational Safety Awareness Test Psyfactors Pty Ltd. 
Work Safety Assessment Psych Press 
Risk Type Compass Psychological Consulting Ltd. (PCL) 
Work Attitude Inventory (WAI) Psytech International Ltd. 
RMP Safety Inventory RightPeople 
Workplace Safety Solution Test SHL Plc. 
Safety Attitude Survey Synergy Safety Systems 
Employee Safety Inventory (ESI) Vangent (Pearson) Inc. 
Personnel Selection Inventory (PSI) Vangent (Pearson) Inc. 
Hogan Safe System Hogan Assessment Systems Inc. 
Note: Adapted from Barrett’s (2010) review of commercial products associated with the 
psychological assessment of safety attributes within prospective employees. 
 
Hazard Awareness Test 
 One such measure that was developed to address some of the pitfalls of the current 
measures in the health and safety space, as mentioned above, and to reduce accidents caused 
by a lack of hazard recognition is the Hazard Awareness Test (HAT). The development of the 
HAT was conducted at the University of Canterbury, led by Associate Professor Christopher 
Burt. The HAT was designed, with gamification principles in mind, as a test to measure an 
21 
 
individual’s hazard awareness ability. The HAT utilises a ‘spot the difference’ approach in 
which individuals are presented with a side-by-side image pair with ten differences between 
the left-hand image and right-hand image. Like other ‘spot the difference’ puzzles the 
differences included changes in the colour of specific items, the removal or addition of items 
and subtle manipulation in the positioning of items. The HAT consists of 10 image pairs 
depicting scenes from five different life domains, including; workshop safety, office safety, 
outdoor work safety, water safety and home-life safety. Each scene includes five safety-
related differences (e.g. worker wearing then not wearing a hard hat) and five neutral 
differences (e.g. shirt colour changing from green to blue). Developing scenes across a range 
of settings was done under the premise that safety-conscious individuals (those that should 
score highly on the HAT) will have learnt about hazards from several different life domains 
(Burt, 2017).  
 
Gamification 
 The HAT was developed using gamification principles, and as such provides a 
solution for reducing the biases associated with many, if not all other measures of safety. 
Gamification is the use of game design elements (aspects of game-based technology rather 
than fully-fledged games), not for the purpose of play or recreation, but in non-game contexts 
(education, measurement, training, assessment, etc.) (Deterding, Dixon, Khaled, & Nacke, 
2011). Game design elements may consist of leaderboards, scores, competition, turn taking, 
time limits, levels and rewards. Incorporating these elements into regular tasks attempts to 
increase motivation on the task, engagement, and overall increases the user's experience 
(Buckley & Doyle, 2016; Hamari, Koivisto & Sarsa, 2014). This could be as simple as 
adding a competitive element (game design element) to an in-class quiz, having children 
competing against each other to accumulate points to win a prize. At the more extreme end, it 
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may be a firefighter using virtual reality goggles to immerse themselves in a realistic training 
environment.  
 Gamification has been a growing trend around the world in the last 15 years. 
Education is the largest adopter of gamification which is reflected in a large proportion of the 
applied research being conducted in this field (Seaborn, & Fels, 2015). It is however also 
used widely across many industries including marketing, health and wellbeing, social media, 
crowdsourcing and business (Huotari & Hamari, 2012; Kumar, 2013; Seaborn, & Fels, 2015).  
 Gamified tools are being used across a wide range of organisational spaces. Given the 
massive uptake in the education sector to increase learning, organisations have adopted a 
similar approach to train their personnel. Electronic Arts (EA), one of the largest video game 
companies in the world, have created EA University, an internal training program that utilises 
their vast experience in video game development to provide employees with a dynamic 
environment to develop new work relevant skills (Lowman, 2016). Outside of the training 
space, gamified tools are being used for assessment of personality, intelligence and for 
specific job-related skills.  HR Avatar, a major creator and supplier of pre-employment 
assessments around the world, utilise gamified tools using interactive cartoons to simulate 
workplace environments for customer service and security roles (Chamorro-Premuzic, 
Winsborough, Sherman, & Hogan, 2016).   
 A potential benefit of utilising gamification principles in selection tools is the ability 
to take the objective nature of games and apply in an assessment situation (Buckley & Doyle, 
2016). One key gamification element is having objective, specific rules and the competitive 
outcome. The rules in which the gamified tool is developed predetermine the actions that can 
be taken by the test taker, meaning only that response is possible, mitigating any subjectivity 
in responses (Buckley & Doyle, 2016). While other tools could be created in this manner, the 
principles of gamification aid in the development. Further to removing subjectivity, the 
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gamified nature of a tool can have a positive impact in the measurement accuracy of a tool 
through improved performance (Attali & Arieli-Attali, 2015). Individuals become more 
immersed in the assessment which in turn increases concentration on the task, motivation, 
enjoyment and ultimately task performance (Csikszentmihalyi, 1991; Eickhoff, Harris, de 
Vries & Srinivasan, 2012). 
While the literature is limited on the empirical effectiveness of gamification as a 
measurement tool in the recruitment and selective space, its effectiveness in other areas 
suggests gamification as a highly useful metric, providing great potential for utilisation in 
recruitment and selection. A review by Looyestyn et, al. (2017) investigated the relationship 
with gamification and increased engagement with online programs, such as single surveys or 
education courses completed over an extended length of time. Their results showed that in 
80% of studies, gamification had a significant positive relationship with increased 
engagement. Hamari, Koivisto, and Sarsa (2014) conducted a more general review of 
gamification. In answering the question “Does gamification work?” they analysed 24 
empirical studies using psychological outcomes (motivation, attitude, enjoyment), behaviour 
outcomes (engagement) and motivational affordances (points systems, leaderboards, 
achievement badges) as criterion measures. In 63% of the studies, positive results were found 
supporting that gamification does work. Through a review of gamification literature around 
use as an assessment tool in an educational setting, Menezes and De Bortolli (2016) 
concluded gamified tools were able to provide students with a valid form of educational 
assessment. They believed the incorporation of evaluative measures in a game setting 






Previous HAT Studies 
 The initial testing of the HAT was conducted at the University of Canterbury through 
the dissertations of Hill (2012) and Shaw (2012). Shaw (2012) conducted a study using the 
HAT on 39 construction works. She measured total differences found, safety differences 
found, and safety order scores from the HAT against both self-report and supervisor ratings 
of Safety Participation, Compliance, Motivation, Knowledge, Voicing Co-worker caring, and 
Voicing Behaviours. Significant correlations were found between total differences found in a 
subset of five HAT puzzles (Falls, Forest, Office, Workshop and Workshop Gear) and Neal, 
Griffin and Hart’s (2000) 4 item scale measuring safety motivation. The forest, workshop and 
office puzzles also showed significant correlations between total safety differences found and 
the safety motivation measure. These results suggest that safety motivated employees put 
greater care into finding safety differences in the puzzles, however, it is unclear whether this 
would translate to real-world safety behaviours. A significant correlation was also found 
between the safety order (finding safety-related differences before neutral differences) and 
safety knowledge, suggesting that individuals with more safety knowledge were potentially 
looking for safety-related differences first or they were more apparent to them. It should be 
noted that no significant correlations were found between employees’ self-report ratings of 
safety behaviours and that of their supervisors. While significant correlations were found 
between the HAT and the safety motivation, suggesting the validity of the HAT, one must 
question the construct validity of the criterion (as it does not explicitly measure hazard 
recognition) and the reliability of using self-report data, given the previously discussed issues 
with self-report.   
Concurrently to Shaw (2012), Hill (2012) tested the HAT on 60 undergraduate 
students. She investigated the relationship between HAT scores and the reported number of 
workplace incidents and injuries experienced by participants. Correlations showed 
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participants that reported fewer workplace incidents performed better on the HAT. This result 
suggested criterion-related validity on the basis that a smaller number of reported accidents 
meant greater hazard recognition abilities. The relationship between the HAT and safety was 
further investigated via conducting a between groups analysis. Participants were split into an 
accident group signifying that had experience at least one workplace accident, and a non-
accident group. Results indicated s significant difference between the mean of the two groups 
with the non-accident group identifying, on average a greater number of safety differences on 
the HAT. As with Shaw (2012), the self-report nature of the criterion measure must be taken 
as a potentially poor criterion measure, questioning the criterion-related validity evidence of 
the study.       
 Thomas (2016) conducted a study measuring the construct validity of the HAT. The 
study split the 90 participants across three quasi-groups. Group one contained tertiary 
students who made a low health and safety (HSE) expertise group. The second group made 
up of employees from high-risk workplaces, such as construction, manufacturing, agriculture, 
made up the medium. The final group was a high HSE group made up of health and safety 
managers. Two key sets of findings were found in the study. The first showed a significant 
difference between the low (43.63) and the medium (46.12) and high (46.56) groups with a 
greater number of safety differences found on the HAT for the latter. Time taken to complete 
the HAT was not significantly different between the groups suggesting no time-related 
influence. The second set of findings, which suggested construct validity of the HAT, showed 
significant correlations between safety differences found on the HAT (for all participants) 
and total number of jobs held (r=0.23, p=.05), number of jobs with associated safety risk 
(r=0.25, p=.05), tenure in current job position (r=0.22, p=.05) and hours of health and safety 
training education(r=0.20, p=.05). The rationale that these findings support suggests that 
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through work experience, safety education and health and safety training, individuals learn or 
acquire greater hazard recognition abilities.  
 Burt (2017) combined all previous HAT studies to deliver a number of key finds. The 
general findings of the four previous studies (Shaw, 2012; Hill, 2012; Thomas: 2016; Burt & 
Adams, 2016) with 249 individuals ranging from last year high school students, though 
tertiary students, workers, and health and safety professionals are summarised below:   
 
• All four studies provide some support for the HAT as a measure of hazard awareness 
ability. With scores on the HAT being positively associated with higher levels of 
individual workplace safety. 
• Of potential control variables, age has been found to have a positive correlation with 
HAT scores (r =.18, p <.01, n=249). This is likely influenced by experience and 
learning that comes with age. This is further supported under the theoretical notion 
that through work experience, safety education, and health and safety training, 
individuals learn or acquire greater hazard awareness abilities. 
• No evidence supports any gender difference in HAT scores. 
 
 One of the major findings, and a key to the success of the HAT as an objective 
measure of performance, is that scores are not able to be generated though bias responding or 
faking. Removing any aspect of self-reported responses from the measure means individuals 
are less able to manipulate responses (Cascio & Aguinis, 2011). The simplicity of the HAT 
means individuals either see a difference and click on it, or they don’t. There is no way to 
perform better than the individual is capable of, due to only having 10 chances (clicks) to 
identify the 10 differences.     
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The combined results of the previous four studies all formed the basis of the cut-off 
score for the use of the HAT in a commercial selection space. A score of 45 or greater would 
have individuals labelled as low risk. This value is based on Hill (2012) indicating that 83% 
of participants that scored 45 or greater had no history of workplace accidents requiring 
medical treatment. Burt and Adams (2016) had similar finds with 74% of participants falling 
into the same category.    
 
4pHAT 
 Analysis by Burt (2017) suggested a shorter version of the HAT, using a subset 
including four of the 10 puzzles pairs, may be viable as a standalone tool called the 4pHAT. 
Burt (2017) examined scores obtained on the 4pHAT subset puzzles from all four of the 
previous studies (i.e. Shaw, 2012; Hill, 2012; Thomas: 2016; Burt & Adams, 2016). The 
results showed large significant correlations (p = .01) ranging between 0.80 and 0.86 across 
the 4 subset puzzle pairs. These results suggested that the hazard recognition ability being 
measured was evident and constant across all of the puzzles and that the variance captured 
was the same across the images. It was therefore assumed that little to no psychometric value 
was lost by reducing the full 10 puzzle pair version of the HAT down to the shorter 4pHAT 
version with only four. This assumption is tested in the present study. 
 The potential benefit of reducing the HAT down to the 4pHAT is twofold. Currently, 
the 10 puzzle HAT takes on average 18 minutes to complete (Burt, 2017). Reducing the 
measure to only four puzzles would likely bring the test time down to around 7 or 8 minutes. 
This shorter time should have the benefit of making the 4pHAT a more commercially viable 
product as organisations will be attracted to the shorter length of the test, meaning they will 
take less time assessing future candidates. Having the 4pHAT as an attractive tool is 
paramount to it addressing the current issues in workplace health and safety.      
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Criterion-Related Validity    
 In order to validate the HAT and 4pHAT as appropriate measures of hazard 
recognition, the present study needs to show that the two measures have criterion-related 
validity. Criterion-related validity refers to the extent to which one measure predicts scores 
on another measure (Salkind, 2010). In the present study, this means to what extent the HAT 
or 4pHAT predict the criterion measure of hazard recognition. The ‘Hazard Lab’ has been 
developed to measure actual hazard recognition of individuals. The aim is that if the ‘Hazard 
Lab’ has construct validity, that is, it measures what it claims to be measuring (hazard 
recognition) (Brown, 1996), then a relationship between the HAT or the 4pHAT and scores in 
the ‘Hazard Lab’ indicate criterion-related validity of the measures. Based on Schmidt and 
Hunter’s (1998) meta-analysis on the validity of different selection methods, it would be 
expected that correlation between the predictor (HAT/4pHAT) and the criterion measure 
(Hazard Lab) should be around .37. Any result over .20 would lend to the moderate support 
of the HAT/4pHAT as a predictor of hazard recognition, while results over .50 would be very 
strong support (Schmidt & Hunter, 1998).  
 
Current Study 
 Following the previous work done by Hill (2012), Shaw (2012), Thomas (2016) and 
Burt (2017) to create an objective tool that measures hazard recognition abilities, the current 
study aims to add to past research, with two main focuses. Firstly, a continued effort to 
further validate the HAT as a tool to measure hazard recognition abilities, and secondly, be 
the first study to validate the four-puzzle version of the HAT (4pHAT) as an independent 
tool. Given the self-report nature of previous validation studies on the HAT and the potential 
pitfalls that this may bring, the present study aims to validate both the HAT and the 4pHAT 
using a more objective criterion measure. To do this, a lab-based hazard recognition task was 
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created so individuals actual hazard recognition abilities could be assessed in a controlled 
environment. As the tool is licenced to Talegent, it was used in conjunction with Talegent’s 
own cognitive and personality measures. These two products have not been designed as 
measures of hazard recognition, but are measures to predict the general safety of candidates. 
Therefore, these tools, alongside the HAT/4pHAT acted as predictors of an overall safety 
criterion measure, created from in the form of an acquaintance questionnaire, as well as 
predictors of a combined criterion measure consisting of the overall safety measure and the 
hazard lab scores. The acquaintance questionnaire assessed the safety behaviour of 
participants through ratings on five safety components from a significant other of the 
participants. Below are the key hypotheses of the present study: 
 
Hypothesis 1: Participants who perform better in the hazard lab hazard recognition task 
should have higher scores on the 4pHAT/HAT 
a) Greater number of hazards identified 
Hypothesis 2: Participants who score higher on the 4pHAT/HAT should show the following 
relationships with ratings collected from a significant other 
a) High safety compliance  
b) High safety participation 
c) High safety consciousness 
d) Low risk-taking ratings 
e) High hazard recognition ratings   
Hypothesis 3: The 4pHAT/HAT should account for unique variance over the cognitive and 
personality scores for the three criterion measures: 
a) Hazard identification (Hazard Lab) 
b) Overall safety (Acquaintance Questionnaire)  






 The present study employed a predictive validation design to aid in the validation of 
the 4pHAt and the HAT.  
  Either the 4pHAT or the HAT was administered to participants alongside a cognitive 
abilities measure and a personality measure from Talegent, a firm specialising in 
psychometrics and measuring human performance. As well as providing further validation 
data for the present study, the commercial use of these tools as a package alongside the 
4pHAT meant it was important to include them to keep continuity and to emulate real-world 
practices as much as possible. The administration of these tools was followed up 
approximately a week later by a Hazard Recognition Task (HRT) in the ‘Hazard Lab’ in 
which data was collected regarding the number of hazards identified, and the time taken to 
identify them. Data was also collected from an acquaintance questionnaire (AQ) (full AQ 
shown in Appendix A) completed by an acquaintance nominated by the participants 
completing the 4pHAT/HAT. The AQ asked questions related to the participant’s hazard 
recognition, safety contentiousness and risk-taking, and safety compliance and participation.   
 To investigate the research question “Does the 4pHAT (and HAT) have criterion-
related validity” 4pHAT or HAT scores were correlated with the five measures from the AQ 
and with the number of hazards identified and time take in the HRT. 
 The current investigation was reviewed and approved by the University of Canterbury  







 A sample of University of Canterbury undergraduate psychology students was used 
for the present study. Participants were recruited through the PSYC106 participant pool. This 
is a pool of students completing the Psychology 106: Introduction to Psychology course at the 
University of Canterbury who receive course credit for participation in one hour of approved 
departmental research. An advertisement (see Appendix B), giving a brief overview of the 
study, was posted on the participant pool online recruiting system where students would 
register for a participation time slot.    
 Acquaintances were recruited via the research participants. Participants were given 
an email with a link that would take their chosen acquaintance to the AQ. The link also 
contained an information sheet outlining the purpose of the research as well as a consent form 
that needed to be electronically completed for the AQ survey to open. Acquaintances were 
rewarded with a $10 petrol voucher for their participation in the research. 
Table 2. shows the demographic breakdown of both participants and their acquaintances.  
Table 2. Demographic information of participants by participation group 
 4pHAT Participants HAT Participants Acquaintance Participants 
Male  13 11 17 
Female 22 24 36 
Mean Age  21.34  23.77 32.23 
(SD) (6.53) (11.85) (15.31) 
n 35 35 53 
 
Materials - Hazard Awareness Test (HAT)  
 The HAT was presented as a computer-based task, run through the software package 
Eprime on a Desktop Windows 7 computer with a ViewSonic 1680 x 1050 display. Upon 
opening the program, participants were presented with instructions (Appendix C) on the 
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screen, outlining how to complete the assessment. Participants are required to locate and click 
on, using a computer mouse, any differences they found between a picture pair (example 
shown in Figure 1. below). Each picture pair contained ten differences, five of which are 
safety related with the other five being neutral differences. All images were displayed in 
colour at a resolution of 95 dpi and to the dimensions of 1680 pixels wide and 1050 pixels in 
height. Along with the picture pairs, which were displayed in the centre of the screen, was an 
indication of the number of clicks remaining (out of 10) with a ‘give up’ button alongside. 
When a difference was correctly located, a green squared was displayed around the identified 
area, this acted as an indication for participants not needing to click in the given area for any 
more differences, as well as a way to track their progress. There was no time limit for the test. 
Images stayed onscreen until all the 10 differences were found or the participants clicked the 
“give up” button. Participants completed ten picture pairs in total. While there were no time 
restraints on taking the HAT, however, time take to complete the task was recorded.    
 
Hazard Awareness Test (HAT) Measures 
 Total number of safety differences found – This value is calculated as a sum of the 
safety-related differences found over the 10 puzzle pairs. As each pair has five safety-related 
differences the maximum score a participant could get is out of 50.  
  




 The 4pHAT, for the purposes of this experiment, was run via Talegents web-based test 
administration site. Completion the of 4pHAT is identical in every way to the HAT, other 
than participates only completing four picture pairs rather than ten that are used in the full 
HAT. As each pair has five safety-related differences the maximum score a participant could 
get is out of 20.  
 
Talegent’s Cognitive and Personality Measures  
 The cognitive measure for Talegent follows an information – question format. The 
questionnaire is headed with a short introduction, as shown in Appendix D. A short paragraph 
of information about a topic relating to health and safety is then presented to participants. 
This is followed by three multi-choice questions regarding the passage, each with four 
possible answers (an example question is shown in Appendix E). Participants have a 
maximum of one minute to answer each of the three questions. This process is repeated five 
times with different paragraphs of information each time.   
 The cognitive test was then followed by the personality measure. This measure 
included five individual variables; Zero Harm Attitude, Dependable, Risk Conscious, 
Composed and Compliant. Again, this was headed with a short introduction (Appendix F) 
prior to the questions being presented. Participants were then presented, eight at a time on 
each page, with statements in which they were to respond on a six-point scale from Strongly 
Disagree to Strongly Agree  
  These tools were developed to be utilised in a selection setting to give an indication 
of candidate’s general safety behaviours such information retention from safety messages 




The Rating Criterion Variables:  Acquaintance Questionnaire (AQ) 
 The AQ was run on Qualtrics, a web-based survey and questionnaire tool used 
through a licence with the University of Canterbury. The AQ was able to be completed on 
either a computer or a smartphone and was accessed through an anonymous link sent via an 
email to a chosen acquaintance by participants of the study.  
 Acquaintances were first presented with an information page outlining the purpose of 
the research and what was required of them to participate. They were also told at this point 
that they would be rewarded with a $10 Petrol Voucher for their participation. This was 
followed by a consent page where “I agree to participate in this research” needed to be 
selected in order to complete the questionnaire. If “I do not wish to participate in this 
research” was selected the survey terminated.  
 Following agreeing to participate, acquaintances were required to input a unique code 
given to them in the email from the participant in order for the data to be connected to the 
participant but still remain anonymous. Demographic information was then collected 
including; age, gender, relationship to the participants, length of said relationship and how 
well they knew the participant measured on a 100-point sliding scale from 0 (not very well at 
all) to 100 (extremely well). 
 Three randomised blocks of items are then presented to the acquaintances. The item 
blocks all have the instruction “Listed below are a number of statements that could be used to 
describe *…’s safety behaviour.  Please select the appropriate response by clicking on the 
corresponding circle to indicate how much you agree or disagree with each statement.  If you 
don’t know about any item please select the ‘don’t know’ column.”. Acquaintances were 
instructed that the symbol (*…) pertains to the participant to which the questions are being 
answered about. The three scales (blocks of items) measure hazard recognition, safety 
consciousness and risk-taking, and safety compliance and participation are all responded to 
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on a five-point scale from 1 ‘Strongly Disagree’ to 5 ‘Strongly Agree’ with a sixth option of 
‘6’ meaning ‘Don’t Know’. For pre-existing scales being used modifications were made to 
the wording of the items to have them in third person format, rather than first person. For 
example “I put in extra effort to improve the safety of the workplace” became “*… puts in 
extra effort to improve the safety of the workplace....”. Scores for the five individual scales 
(hazard recognition, safety compliance, safety participation, safety conscientiousness, risk-
taking) were all created by averaging the recorded ratings across the respective scale items to 
create a single factor score. Scores of ‘6’ (I don’t know) were treated as ‘missing data’ so 
where not used in the calculation of the overall variable score, instead the average item score 
across all the participants was used to replace the ‘missing data’. The individual variable 
scores could range from 1 – 5.   
 Hazard recognition was measured using an eight-item scale developed for this study. 
The development of the scale was conducted in conjunction with a review of the hazard 
recognition literature (Carter & Smith, 2006; Jeelani, Albert, Azevedo & Jaselskis, 2016; 
Kowalski-Trakofler & Barrett, 2003; Perlman, Sacks & Barak, 2014). The scale was designed 
to address the two main steps of hazard recognition, being sensation and knowledge. Items 
included “*... is often aware when their physical surroundings are unsafe” and “*... 
understands when a situation is hazardous”. Cronbach’s alpha of the scale for the present 
study was .83. 
Safety compliance and participation were measured using sections of Neal and 
Griffin’s (2006) scale designed to measure safety; climate, motivation, compliance and 
participation. Six items were used, with three for safety compliance and three for safety 
participation. Examples of the items include; for safety compliance “*… always ensures the 
highest level of safety to carry out their job” and “*… promotes the safety program within 
the organization” for safety participation. Ratings were averaged for the three respective 
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items to give individual scores for both safety compliance and safety participation. 
Coefficient alphas, reported by Burt, Banks, and Williams (2014) were .93 and .86 
respectively for safety compliance and safety participation. The present study reported  
coefficient alphas for safety compliance and participation of .83 and .76 respectively.    
 Safety consciousness and risk-taking were measured using Westby and Lee’s (2003) 
12-item scale developed to measure safety consciousness and risk-taking. Of the 12 items, 
seven measured safety consciousness while the remaining five measured risk-taking. 
Example items include “*…  takes a lot of time to do things safely even when it slows 
performance” and “*… loves to take risks even when there is a small chance *… could get 
hurt” for safety consciousness and risk-taking respectively. Westaby and Lee (2003) reported 
a coefficient alpha of .77 and .85 for safety consciousness and risk-taking respectively in their 
initial study. In the present study coefficient alphas of .86 and .85 were reported for safety 
consciousness and risk-taking respectively. 
 
The Behaviour Criterion Variable:  Hazard Lab  
 The Hazard Lab is an ‘office like’ environment filled with 16 different ‘hazards’ for 
participants to identify and record. The ‘office like’ environment was chosen as it should be 
one familiar to the tertiary student sample. Having students through a ‘construction site’ 
environment would not have made for a fair test, as previous experience in this type of 
environment is not expected of tertiary students. Recording of the hazards formed the 
behavioural criterion variable for the validation study (along with the AQ data).  While the 
hazards were made in a way to represent an actual risk in the environment, any real danger 
that the hazards appeared to pose was mitigated. This ensured that participants were not 
subjected to any real risk of physical harm. Table 4 below gives a description of each hazard 
present in the lab, along with how any real danger was mitigated and a picture of the hazard.  
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 The room used contained a single entrance/exit point. From the perspective of the 
doorway, directly opposite the door in the far-left hand corner was a filing cabinet. Beside 
this, to the right was a desk with the broken computer chair in front of it, a computer on the 
desk and a whiteboard on the wall behind the desk. Along the right-hand wall of the room 
was a benchtop spanning the length of the room, as well as shelving above that, also running 
the entire length. Figure 2 shows a basic layout of the hazard lab with locations of all the 
hazards. 
 All hazards in the hazard lab were designed with the population sample in mind. It 
was necessary for all hazards to be recognisable by the student population. This meant that 
hazards were limited to what a student may come across in their day to day lives. While some 
of the hazards were quite difficult (i.e. expired fire extinguisher, and power cord tag) they 
could still be in the general environment of a student.  
 Two measures were taken from the hazard lab; number of hazards identified, and 
time taken to ?. Upon identifying a hazard, participants recorded a description of the hazard, 
potential harm it may cause, whether they believed it to be significant and how to rectify it, 
on a hazard register (Appendix G). Hazard registers were marked by the researcher against 
the descriptions in table xx. For example, if a participant recorded the heater as a hazard, but 
labelled it as a trip hazard rather than the fact the cover was missing, no mark was given. 
Scores for number of hazards identified could range from 0 – 16. Scores for time taken could 
have an unlimited range.      
 A small pilot study of the hazard lab was conducted prior to the beginning of the 
study. Pilot participants were also students from the University of Canterbury but were not 
currently enrolled in Psychology 106. This was done to keep a representative sample without 
disruption of the potential participant pool. Table 3. below shows the data obtained from the 
pilot. The hazards identified refers to the average number of the hazards, listed in Table 4, 
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that were identified by the pilot sample. Time taken refers to the time average time the pilot 
sample spent in the ‘hazard lab’ identifying hazards. 
 
Table 3. Summary data from Hazard Lab pilot study  
N Hazards Identified (SD) Time Taken (sec) (SD) 
5 9.60 (2.07) 545.40 (224.81) 
 
The hazards identified scores ranged from 6-13 suggesting that, even with the small 
sample, there does not appear to be any range restriction issues with the ‘hazard lab’ measure. 
Given an appropriate range in the data, it was concluded that the Hazard Lab was appropriate 
for use in the study.   
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Table 4. List of hazards in the ‘Hazard Lab’, their descriptions, nullification of actual risk and photo 
 
Hazards Name Hazard Description Nullification of Actual Risk Photo of Hazard 
1 Coffee Spill Coffee spilt by a power multi-
box where the jug is plugged in. 






No mains power being run, just a 
battery to power the light on the 
multi-box. 
 
2 Glass Glass from a broken photo frame 
on the floor below as well as still 
in the frame. Potential to be cut 
by the glass.  
 
 
The glass is sugar glass so poses 
no real risk with regards to cuts 
 
3 Frayed Cable  A lamp on the desk with a frayed 
and exposed power cable, risk of 
fire of electrocution.  
No mains power being run, just a 




4 Power Socket  A faulty power socket hanging 
from the wall with wires 





No mains power being run 
through the socket. Is actually a 
mock socket 
  
5 Chemical Jar A jar of hazardous chemicals 
perched on the edge of a shelf, 
both a potential falling hazard as 




The jar is attached to a pivot, 
holding it in place and is not able 
to fall. Also, does not contain 
any hazardous chemicals 
 
6 Boxes Full boxes staked on high 
shelves, potential falling hazard.  
Boxes are glued to the wall and 




7 Scissors  Pair of scissors on the desk with 
a broken handle, the risk of 
cutting oneself if used. 
Scissors glued to the desk, 
unable to be used 
 
8 Smoke alarm  Smoke alarm fixed to the wall 
with a flat battery, meaning it 
will fail upon a test  
Room equipped with other fire 
protection  
 
9 Fire Extinguisher  Fire extinguisher fixed to the 
wall, expired and therefore 
useless in a fire  





10 Extension Cord An extension cord laid across the 
floor with an anti-trip cover, not 
fulling covering the cable 
The path to the cord blocked so 
the participant can’t actually trip 
 
11 Broken Chair Chair at the desk with a broken 
leg, unable to be used without 
risk of falling off.  
The chair cannot be pulled out 
from under the table.  
 
12 Power Tag  Cable for the Jug with an expired 
test tag, cable therefore 
potentially unsafe and an 
electrocution risk.  
No mains power being run 












No mains power being run 
through the microwave, just a 
battery to power the clock.  
 
14 Heater  Small heater on the ground with 






No mains power being run 
through the heater.  Made safe 
by tech support 
 
15 Filling Cabinet  Filling cabinet beside desk not 
appropriately fixed to the wall   
The cabinet is actually fixed to 






16 Whiteboard Eraser Stuck on the whiteboard is a 
broken eraser with sharp plastic 
shards, potential to cut oneself.   
No reason for the participant to 
use this – plus placed in the top 























Shelving Above Bench  
Bench Top 
5 6 
Figure 2. Layout of the ‘Hazard Lab’ 
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Procedure 
 The data, with the exception of the AQ, were collected under researcher 
supervision. Participants met the researcher outside Psychology Room 107 at the time agreed 
upon at sign up. Participants were first presented with an information sheet outlining the 
purpose of the research (Appendix H) and a consent form (Appendix I). Following an 
opportunity to ask questions and signing of the consent form participants were shown to a 
computer.   
 According to a random assignment, participants either completed the 4pHAT or 
the HAT, along with Talegents cognitive and personality measures. For those taking the 
4pHAT, a link was open in a web browser showing Talegent’s testing portal. Participant first 
filled out demographic information then preceded to take the 4pHAT, Cognitive Measure and 
Personality Measure, in that order. Participants taking the HAT did so on the E Prime 
software installed on the computer, then preceded to a link in the web browser containing 
only Talegent’s cognitive and personality measures.  
 At the completion of these assessments, participants were emailed the link and 
instructions (Appendix J) for the AQ. Participants were told that the individual they chose to 
send the link to should be able to adequately answer questions on their safety behaviours, and 
were told that by sending the link, they were consenting to information being collected about 
them from a third party. A time was then agreed for them to return the following week to 
complete the second part of the research.  
 Upon returning to Psychology Room 107 approximately a week later at the agreed 
upon time, participants were given the following brief: 
 “Shortly you will enter the office to complete an occupational health and safety 
hazard recognition register. Upon identification of a hazard, you are to; record a brief 
description, outline the potential harm, indicate the significance and how to deal with the 
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hazard. Please use as many of the hazard register forms as you require. While there is no 
time limit to compete the register, your time taken will be recorded. When you have identified 
all the hazards, simply exit the room and hand your hazard register to the researcher”.   
 Participants were then given a clipboard with the Hazard Register form (Appendix G) 
and a pen. Following this they were shown into the ‘Hazard Lab’ and a timer was started. The 
door was closed behind them to mitigate any potential interference or influence from the 
researcher. While in the room participants would be identifying as many of the 16 hazards (as 
shown in Table 4. above) as they could.  
 Once participants exited the ‘Hazard Lab’ and handed the register to the researcher 
the timer was stopped and the time taken was recorded on the top of the hazard register.  
 Confirmation of the AQ being filled out for each participant was checked via 
Qualtrics and a $10 petrol voucher was given to the participant to pass on to their 
acquaintance if the data was there. 
 Finally, all participants were given as verbal and written debrief (Appendix K) 
outlining the purpose of the research and could ask any questions of the researcher.    













Data Preparation  
The HAT, 4pHAT, hazard identification, cognitive test and personality data were 
added to an excel data file as it came in through the data collection process. Acquaintance 
questionnaire data was downloaded from the Qualtrics site at the conclusion of data 
collection. All data were transferred to SPSS for analysis.  
 Of the 70 participants involved in the study, six did not complete part two (i.e., the 
Hazard Identification task, and the return of an Acquaintance Questionnaire). This meant that 
only data pertaining to either the HAT or 4pHAT and the cognitive and personality 
assessments were available for analysis, for these 6 individuals. Of the remaining 64 
participants, acquaintance data were not returned for 11 individuals. This meant that a total 
of 53 participants had acquaintance questionnaire data that could be used for analysis. Further 
to this, complete acquaintance questionnaire data were not available for a number of 
participants: due to excessive missing data one participant’s safety compliance and safety 
participation scores, and two participant’s risk-taking scores were not able to be calculated. 
Given the above information, different n = values will be evident throughout the results.   
 Furthermore, a small number of isolated missing values were also evident for scale 
items in the acquaintance questionnaire data. These missing item responses were substituted 
with the item mean value. Table 5 shows which items, the number of participants with a 
missing value, and the item mean used for the substitution process. Finally, the data were 
checked for outliers, defined as values plus or minus three standard deviations from the mean. 
No outliers were found in the data, and therefore all data, other than that mentioned above 




Table 5. Missing acquaintance questionnaire items and the substituted means.   
 Missing Item Number 
Missing  
Item Mean 
Safety Consciousness Item 1 1 3.94 
 Item 2 1 3.87 
 Item 3 1 3.78 
 Item 6 1 3.92 
Risk Taking Item 9 3 3.17 
 Item 11 4 3.37 
Hazard Recognition Item 3  1 4.41 
Safety Compliance  Item 1 1 4.26 
Safety Participation Item 4 4 4.09 
 Item 5 3 3.98 
 Item 6 2 3.92 
 
Variable Distribution and Range Restriction Issues 
Validation analysis can be adversely affected by range restriction in either the predictor 
or the criterion variables. Range restriction has the effect of suppressing relationships in the 
correlation-based analysis (Raju & Brand, 2003). Analysis was conducted examining the 
descriptive statistics, and the distribution of the data to identify any range restriction issues. 
Skewness and Kurtosis were analysed to determine the ability of the data to be used for 
correlational analysis, which ideally uses normally distributed data (Hunter, Schmidt, & Le, 
2006). For evidence of a normally distributed data set with a sample size of 50 or less, 
absolute Z values for both skewness and kurtosis should be less than 1.96 (Kim, 2013). These 
Z values are calculated by dividing the actual skewness value by the standard error. For 
samples sizes between 50 and 300, values over 3.29 constitute a non-normal sample 
distribution (Kim, 2013). 
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Predictor Variables  
 Results pertaining to the mean, standard deviation, range, skewness and kurtosis of the 
predictor variables are shown in Table 6. 
 
Table 6. Mean, range, skewness and kurtosis statistics of the predictor variables.  
 n Mean 
(SD) 













































































Table 6. indicates that the HAT, 4pHAT, Cognitive assessment, and one dimension of 
the personality data (compliant) have skewness and kurtosis values that indicate non-
normally distributed data (Kim, 2013). The respective large negative skewness values of -
2.66 (SE=.40), -1.79 (SE=.40), -1.44 (SE= .29) and 1.51 (SE.29) indicate an asymmetry of 
the data with a long tail to the left of the distribution with the bulk of the data lying to the 
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right-hand side of the mean. Kurtosis expresses the degree to which the density of the data 
differ from what is expected with a normal distribution (Hopkins & Weeks, 1990). The 
respective, large kurtosis values of 10.24 (SE= .79), 3.89 (SE= .79) and 2.14 (SE= .57) 
indicate leptokurtic distributions with a large peak to the data.  
 There are two major factors as to why the predictor data present in this way. The 
HAT, 4pHAT and Cognitive measures are all ability tests. That is, they measure an 
individual’s ability on a specific dimension. In the case of the HAT and 4pHAT, the 
measurement is of hazard recognition ability. Data skewed to the upper end of the 
distribution is somewhat expected for this type of measure. The assumption is that, in 
general, individuals have some level of hazard recognition ability, likely learnt through 
experience, otherwise a much larger number of people would be having accidents more 
frequently.  
Figures 3 and 4 show a plot of the scores on the HAT and 4pHAT, respectively. The x-
axis represents the individual cases, while the y-axis represents their score on the respective 
measures. The imposed red line identifies the mean HAT and 4pHAT scores respectively. 
Figure 4. Plot of all cases scores on the HAT with mean score imposed in red. 
52  
 
As the main purpose of the HAT and 4pHAT is to identify those individuals that have 
a poor level of hazard recognition ability, it is necessary for the measures to pick up 
individual differences. Inspection of Figures 3 and 4 indicate that the measures do in fact 
identify individual differences, with six scores on the 4pHAT and three scores on the HAT 
sitting outside one standard deviation. This shows that while the bulk of the data grouped 
together, the measures are still able to identify individuals with lower hazard recognition 
abilities.   
Regarding the cognitive measure, given the bulk of participants (n=61) were 
university students, it can be assumed that they may have higher cognitive ability than the 
general population. This would account for the skewness 1.44 (SE=.29) and kurtosis 2.14 
(SE=.57) of the data for cognitive ability measure.  
The above-discussed range restriction issues should not have any practical influence 
on the correlation analysis. Range-restricted data causes suppression of correlations (Cascio 
& Aguinis, 2008). This suggests that correlations in the following analysis may be less than 
would be expected with a normally distributed data set.  
 
Figure 5. Plot of all cases scores on the 4pHAT with mean score imposed in red. 
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Criterion Variables  
 The objective criterion variables for the present study are the two hazard lab 
measures; hazards identified, and time taken. Further criterion measures come from the 
acquaintance questionnaire. These data consist of five safety measures: safety compliance, 
safety participation, safety consciousness, risk-taking and hazard recognition. Assessment of 
these measures, with reference to range issues, is displayed in Table 7. The items for risk-
taking have been reverse coded so that all variables are in a positive direction and are more 
favourable regarding safety behaviour (i.e. high risk-taking scores now mean fewer risks 
would be taken by an individual). To make this apparent in the analysis Risk Taking will be 
referred to as Less Risk Taking. 
Table 7. Mean, range, skewness and kurtosis statistics of the criterion variables. 
 n Mean 
(SD) 
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Acquaintance Data       































Inspection of the results in Table 7 indicate no range restriction issues with the 
criterion variables. It is therefore assumed that all measures are normally distributed. 
 
Criterion-related validity: Objective Hazard lab data 
 The main goal of the present study was to assess the criterion-related validity of the 
HAT and the 4pHAT. Pearson product moment correlations were calculated to assess the 
relationship between the HAT and the 4pHAT and the two hazard lab measures (i.e., hazards 
identified, time taken). The obtained correlations, as well as the means and standard 
deviations, are shown in Table 8.   
 
The results shown in Table 8 indicates large positive correlations for both the HAT 
and the 4pHAT with the number of hazards identified in the hazard lab (hazards identified). 
These results support the criterion-related validity of the two measures and indicate that 
individuals who score higher on the HAT or 4pHAT also identified a greater number of 
hazards in the hazard lab. Review of Table 8 also suggests there is no significant relationship 
between HAT or 4pHAT scores and the time taken in the hazard lab.  
 
 
Table 8. Descriptive statistics, and Pearson correlation of the 4pHAT and HAT with two 

















Note: ** p < .01          
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Criterion related validity: Acquaintance data  
 Pearson correlation analysis was also calculated between the HAT, 4pHAT and the 
five measures from the acquaintance questionnaire; safety compliance, safety participation, 
safety consciousness, risk-taking and hazard recognition, as well as an overall safety 
measure. An overall safety measure was also calculated by summing the scores for the five 
acquaintance questionnaire measures. The overall safety measure has a mean of 19.93 
(SD=2.85). The correlations, and means and SDs are shown in Table 9.   
 
Table 9. Person Correlations of acquaintance data scores with the HAT and 4pHAT. 
 n 4pHAT n HAT 
Safety compliance 23 .23 29 -.25 
Safety participation 23 .34 29 -.15 
Safety consciousness 23 .43* 30 -.11 
Less Risk taking 22 .18 29 .05 
Hazard recognition 23 .43* 30 -.21 
Overall Safety  22 .37 28 -.12 
Note: * p < .05          
 
Inspection of Table 9. shows significant positive correlations between the 4pHAT and 
the safety consciousness and hazard recognition measures. These results indicate that 
individuals who scored higher on the 4pHAT were rated higher on hazard recognition and 
safety consciousness behaviours by their acquaintance. No further correlations were found to 
be significant.  However, the correlations between safety compliance, safety participation and 
the overall safety measure and the 4pHAT are positive and large in terms of criterion-related 
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validity analysis.  However, the small sample means the values are not significant.  Table 9. 
also shows contrasting correlations between the HAT (where mainly negative correlations are 
evident) and the 4pHAT were mainly positive correlations were found.  These results are 
from different groups of participants who were randomly assigned to a test condition, and 
potential explanations for the differing results will be addressed in the discussion section of 
this paper.    
 
Incremental Validity Analysis  
In a real-world operational sitting the HAT or the 4pHAT will be used alongside other 
measures when job applicants are being assessed. A key issue is whether each of the 
measures used adds incrementally to the prediction of the applicant’s safety behaviour.  For 
the present study, the HAT and 4pHAT are considered in relation to Talegent’s safety-related 
personality and cognitive measures. 
One potential issue with the current data set, regarding running a regression analysis 
is the small sample size. A small sample may cause the regression results to be unstable and 
give inappropriate and inaccurate values (Kelley & Maxwell, 2003). In an attempt to address 
this the 4pHAT (n= 35) and HAT (n= 35) were combined to give a larger sample (n= 70) to 
work with. This was done by standardising both scores to a percentage (i.e 4pHAT/20 and 
HAT/50) and thus creating one variable which represented hazard identification assessment.  
To address the question of incremental validity regression analysis was run against 
several criterion measures, including the hazard identification scores, the combined overall 
safety measure from the acquaintance questionnaire data, and a combined criterion measure. 
The combined criterion variable represented all the safety data obtained on participants- that 
which represented their measured behaviour, and which represented others views of their 
safety behaviour. Utilising this measure is the most holistic way to capture an individual’s 
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safety behaviours as it included both their direct ability as well as what others perceive of 
their safety behaviours. The combined criterion measure was created by summing the hazard 
identification and overall safety measures. The combined criterion measure has a mean of 
30.27 (SD=4.10), a skewness value of -.08 (SE=.34) and kurtosis of -.79 (SE=.66) indicating 
no range restriction issues (Kim, 2013).  
Prior to the regression analysis, the predictor variables were investigated for any 
potential multicollinearity. This was done via a correlational analysis being run between both 
the HAT and 4pHAT individually (as well as with the standardised Hazard recognition ability 
score), Cognitive and Personality, as shown in Table 10.  
 
Inspection of Table 10 shows one significant correlation between the cognitive 
measures and the Standardised HAT (p=.04). This small positive correlation suggests a 
relationship between the assessment scores, but not one significant enough to have an effect 
Table 10. Person Correlations and descriptive statistics of cognitive and personality scores 
with the 4pHAT, HAT and Standardised HAT 






Cognitive .28 .19 .25* 
Zero Harm Attitude .32 -.10 .14 
Dependable  .23 -.27 .00 
Risk Conscious .01 -.03 -.02 
Composed .15 .12 .14 
Compliant .19 .07 .14 
Note: * p < .05 
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on the regression analysis. However, while these results suggest no multicollinearity between 
the predictor variables further collinearity analysis will be conducted during the regression 
analysis, by examining the variance inflation factor (VIF).  
 Three separate regressions were run. The first was against the objective hazard 
identification measure. The second was against the acquaintance reported overall safety 
measure. The final regression was against the combined criterion measure. The regressions 
predicting hazard identification [F(7, 56) = 4.82, p = .00], overall safety [F(7, 42) = 2.78, p = 
.02], and the combined criterion [F(7, 42) = 6.76, p = .00] all produced significant models. 
Further details of the regression results are shown in Table 11.  
Table 11. Combined regression analyses of the cognitive, personality and standardised 
HAT measures against the hazard lab, overall safety and the combined criterion measure  
 
Hazard Lab  
(n=63) 
 Overall Safety 
(n=49) 
 Combined Criterion 
(n=49) 
 β SE p  β SE p  β SE p 
(Constant) -9.27* 4.30 .04  4.95 5.98 .41  -10.36 7.14 .15 
Cognitive .00 .08 .99  .01 .11 .93  -.03 .13 .83 
Zero Harm Attitude .03 .04 .80  .21 .05 .13  .21 .06 .08 
Dependable -.00 .05 .99  .14 .07 .39  .13 .08 .33 
Risk Conscious .27* .03 .02  .39** .03 .01  .44** .04 .00 
Composed .26* .04 .04  -.13 .05 .39  .05 .06 .70 
Compliant -.03 .02 .80  .03 .02 .81  -.01 .03 .93 
Standardised HAT .46** .03 .00  .10 .05 .49  .45** .06 .00 
Adjusted R2 .30**    .20*    .45**   
Note: ** p < .01, * p < .05          
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Collinearity analysis was conducted with all three regressions. VIF values did not 
exceed 1.65, thus it is concluded multicollinearity is of no issue for the present data 
(Schroeder, Lander & Levine-Silverman, 1990). Inspection of Table 11 identifies several key 
findings. Firstly, the full assessment package including the standardised HAT, personality and 
cognitive measures significantly predict all three of the criterion measures, with the package 
accounting for 45% of the variance in the combined criterion measure. Secondly, the 
standardised HAT adds a unique and significant contribution to predicting both the hazard lab 
and the combined criterion but does not significantly add to predicting the overall safety 
measure. The final key finding is risk-conscious adding a unique and significant contribution 


















Study Aims  
The aim of the present study was twofold; to investigate the criterion-related validity 
of the Hazard Awareness Test (HAT), and to independently validate the more commercially 
viable version of the tool, the 4pHAT. Along with the main research aim, the validity of 
4pHAT being used in conjunction with Talegent’s cognitive and personality measures was 
assessed. The continued validation of these tools aimed to address the gap in the market for a 
valid and objective health and safety measure to be utilized in the selection process of 
applicants to high-risk workforces.          
 
Summary of Finding – Hypotheses 
 The criterion-related validity of the two measures was assessed through their 
relationship with the ‘hazard lab’ task and ratings from an acquaintance about the 
participant's health and safety behaviours. Hypothesis 1 investigated whether those who 
performed better on the ‘hazard lab’ hazard recognition task would also have larger scores on 
the 4pHAT/HAT. The results showed statistically significant positive correlations between 
both the 4pHAT and the HAT with the number of hazards identified in the ‘hazard lab’ (see 
Table 8), lending support to Hypothesis 1a, which in turn provides support for the criterion-
related validity of both the 4pHAT and the HAT. The significance of this results is on the size 
of the criterion-related validity represented by the correlation. A conclusion around 
reasonable criterion-related validity would have been drawn based on Schmidt and Hunter’s 
(1998) review, with a value of .37 being the target of the present study. However, the present 
study has resulted in values in the region of .50. These values put the 4pHAT and the HAT in 
line with the validity scores for General Mental Ability (GMA) tests and Work Sample tests, 
seen by Schmidt and Hunter’s review as the most effective predictive tools.   
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 Hypothesis 2 investigate whether larger scores on the 4pHAT/HAT would be 
associated with larger ratings across the five factors from the acquaintance questionnaire. 
Results showed mixed support for Hypothesis 2. The relationships with the 4pHAT across all 
five of the acquaintance questionnaire (AQ) factors, as well as the overall safety composite 
score, showed small to medium positive correlations (see Table 9). These results suggest that 
scores on the 4pHAT could be related to greater reported safety behaviours. While the 
4pHAT itself is not a measure of general safety behaviour, the ability to provide a unique 
contribution to the measurement of a holistic safety measure (such as the combined criterion 
shown in Table 11) in conjunction with Talegent’s other measures, increases its practical 
applications. The results also included a significant positive correlation between the 4pHAT 
and the hazard recognition factor in the AQ, further supporting the criterion-related validity 
of the 4pHAT as a tool to measure hazard recognition ability. The results pertaining to the 
HAT, however, showed some puzzling findings. Small negative correlations were found 
between the HAT and all the AQ factors, including the overall safety composite, other than 
no relationship being found for less risk taking. These conflicting results will be discussed 
further in a later section.  
Hypotheses 3 investigated the unique variance the 4pHAT/HAT had over Talegent’s 
cognitive and personality measures when predicting the three criterion measures. Utilising the 
combined standardised HAT score, to account for the low sample size, the results suggested 
strong support for Hypothesis 3a with the standardised HAT score providing a significant and 
unique contribution to predicting hazard lab scores (see Table 11). No support was found for 
Hypothesis 3b with the standardised HAT score not providing a unique contribution to the 
prediction of overall safety. Support for Hypothesis 3c was shown with the standardised HAT 
score providing a significant and unique contribution to predicting the overall combined 
criterion measure. When considered alongside the criterion-related validity evidence in the 
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support of hypothesis 1 and 2, the support in hypotheses 3 suggests the usefulness of the 
4pHAT/HAT to be used in a selection setting to measure hazard recognition ability, in 
conjunction with Talegents measures. The unique contribution made by the 4pHAT/HAT in 
predicting not only hazard recognition, but also a combined measure of safety, means that the 
three measures together should account for a greater measurement of an individuals safety 
behaviours.     
 
Summary of Finding – Other findings  
The general trend thought the data showed sometimes opposite results, as mentioned 
above, between the relationships shown across many variables and the HAT/4pHAT. As 
discussed, the relationship between both the HAT and the 4pHAT with the number of 
hazards identified in the ‘hazard lab’ is consistent across the two predictors (see Table 8). 
However, across many the other variables, both at the predictor end (see Table 10) and the 
criterion end (see Table 9), correlations are very conflicting, in some cases opposite. There 
are a number of reasons this may have occurred. With a relatively small sample size of 35 for 
each tool, individual difference will have a greater impact on the results than if the sample 
was larger. This could have created the inconsistent results shown as it was different people 
in each condition. This could have been most apparent in the acquaintance questionnaire data. 
Given the strong and very similar correlations between the 4pHAT/HAT and the hazards 
identified, it seems less likely that the variance in the participants had a big effect. However, 
the data gathered from the participant’s acquaintances would also be prone to variance from 
individuals difference and may have had more of a significant effect on the results. This is 
highlighted when comparing the results in Tables 9 and 10. Table 9 contains data collected 
from the acquaintance questionnaire and shows vastly differing results across all six of the 
variables. Comparing this to the results in Table 10, containing the data from the Talegent 
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measures, only two of the five factors (Zero Harm Attitude, Dependable) have results that a 
vastly different between the HAT and the 4pHAT. From this, it is concluded that the most 
likely explanation of the differing results comes from individual difference variation from the 
participant’s acquaintances in the acquaintance questionnaire data.  
 While no specific hypotheses were developed for Talegent’s cognitive and personality 
measures, there is some value in a discussion of the results shown for these measures.  
Firstly, it should be noted that neither of the measures was specifically designed to be 
measures of hazard recognition. They were designed for use in a selection setting to measure 
more general safety behaviours of candidates. Of Talegent’s predictors, the risk-conscious 
factor provided the most significant contribution to prediction all three criterion measures. 
For lack of a given definition, risk-conscious is an individual’s state of awareness to potential 
dangers in their environment (APA, n.d.). In the context of hazard recognition, it seems clear 
that a relationship would exist between an individual’s state of awareness for dangers and the 
first step in the hazard recognition process of sensing the hazard (Jeelani, Albert, Azevedo & 
Jaselskis, 2016). The risk-conscious factor was a significant predictor of the number of 
hazards identified in the ‘Hazard lab’ (see Table 11) suggesting support to the relationship 
outlined by the discussed definition above. While the Talegent’s measures will be used 
alongside the 4pHAT regardless, due to the licencing agreement, there does seem to be some 
valid benefit in utilizing this measure to account for further variance in prediction hazard 
recognition ability.   
 It should be noted that the evidence presented above also suggest the validity of the 





Practical and Theoretical Implications  
 The main premise behind the present study lies with reducing the high prevalence of 
workplace accidents through appropriate safety measures. If at the recruitment and selection 
stage, organisations can identify individuals who may be lacking in the safety behaviours and 
abilities required to safely perform their jobs, we could see a significant reduction in 
workplace accidents. The proven ability of the HAT and the 4pHAT to effectively predict 
individuals hazard recognition abilities, though an objective, and valid, gamified tool, 
provides organisations with a way to measure one such of these safety abilities, in hazard 
recognition. The most likely real-world application of these measures is in high-risk 
industries, where a high level of hazard recognition ability is required. Therefore, the main 
aim of the tool should not be to identify individuals who have an exceptionally high level of 
hazard recognition but should be to identify those individuals who do not have a well-
developed hazard recognition ability (as shown in figures 4 and 5). These tools should be 
utilized in a selection space to identify those candidates that may not have an appropriate 
level of hazard recognition and therefore may pose a health and safety risk to an organisation. 
Given hazard recognition is the first step in the safety management process (Perlman, Sacks 
& Barak, 2014), the impact of selecting individuals with an appropriate level of hazard 
recognition could have a significant effect on reducing the rate of incidents.  
While having these effective tools available is a step in the right direction, it is 
necessary for the use of these tools to be attractive to organisations, as the tools have no 
impact sitting on the shelf. The present studies validation of the 4pHAT could conceivably 
increase this attractiveness. While the time taken to complete the 4pHAT was not recorded in 
the present study, at only 40% the length of the HAT, it is assumed that completion time on 
the 4pHAT could be 60% less. Based on Burt’s (2017) completion time of the HAT being on 
average 18 minutes, the 4pHAT would take approximately seven minutes on average to 
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complete. Given time is everything in a commercial environment, if a tool can be 
administered and completed in less time, while still providing the same level of measurement 
accuracy and effectiveness, it would be of great benefit to an organisation. The 4pHAT 
compares well to the Wonderlic test, one of the most extensively used measures of problem-
solving ability and IQ (Murphy, 1984), regarding the time to complete the test. At only 12 
minutes to complete, the major attraction of the Wonderlic is in its short administration time 
(Wonderlic & Associates, 1983) compared to other measures of similar abilities such as the 
Raven’s test which takes more than 40 minutes to complete (Raven, Court & Raven, 1985). It 
is hoped that the 4pHAT will benefit in a similar way from its short completion time.        
 The present study adds to the theories discusses in two main areas, gamification and 
safety/accident theory. As disused earlier, the literature is short of work conducted in the 
workplace selection and assessment space. While the present study does not specifically 
focus on the effectiveness of gamification principles in selection tools, it does provide an 
example of them in an applied setting. No definitive conclusions can be drawn between the 
gamified nature of the tool and its proven effectiveness as a measurement tool, however, 
given the HAT was specifically designed with gamification principles in mind, the findings 
show some support to the idea of utilising gamified measurement tools in the selection space.  
 Regarding safety and accident theory, the present study does not provide a direct 
contribution to the literature but rather provides an avenue for future research to support the 
current theories. Hazard recognition is proposed in the literature as a key stage in safety 
management (Perlman, Sacks & Barak, 2014) and accident causation (Carter & Smith, 2006). 
Using the 4pHAT or the HAT, researchers have an objective and valid measure to measure 
the hazard recognition abilities of individuals, which they can intern relate to an accident that 




The results of the present study should be viewed with consideration of the potential 
limitations of the analysis.  
 The sample size of the present study posed a limitation to the appropriateness of the 
analysis conducted. For the correlational analysis, the sample size of 35 for each of the 
4pHAT and the HAT was appropriate, however, this sample was not large enough to conduct 
regression analysis with. To deal with this the samples were compiled into one measure to 
create a larger sample of 70. While this sample size would lend itself to a more stable 
regression, it is potentially still too small to draw any concrete conclusions from. Based on 
Green’s (1991) analysis of the sample size needed for multiple regressions, the present study 
would require a sample size of over 100 to show substantial results. For the purpose of the 
study, the most important results came from the criterion-related validity evidence, assessed 
through the correlational analysis. The regression analysis was used to assess the unique 
contribution the tools had over the Talegent measures.  
Both the sample used, and the testing environment provide a potential challenge in 
concluding generalisability of the results to the greater target population. The sample 
consisting of mostly young, university students (average age = 22.56 years) likely only 
represents a small percentage of the age and education of the target population. Those in 
target industries, such as construction and agriculture, likely have not attended university, and 
have instead taken up a trade.  
The testing environment likely provides the greatest limitation to the present analysis. 
The rigorously controlled, artificial ‘hazard lab’ environment may have an effect on an 
individual hazard recognition. As participants are taking part in a university ethics approved 
study, they would have been safe in the knowledge that they were under no real danger. Any 
apparent ‘danger’ represented by the hazards in the ‘hazard lab’ was mitigated for the safety 
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of the participants. In a real-world environment where there is a real risk of danger and 
therefore a chance of increased stress, individual ability to identify hazards may be severely 
affected. The stressful environment would likely increase their ability to identify those 
hazards which are more life threating, as they would naturally want to be preserving their life 
but may reduce their ability to identify those hazards which may not present an immediate 
danger.         
 
Future Research  
Future research has been discussed to some degree with the theoretical implication of 
the present study, however, there is another key area that would benefit from more study. To 
address the limitations of the sample in the present study, there may be a benefit in further 
validation of the 4pHAT, utilizing a job-specific sample, and in a real-world setting. This 
could be done in a more controlled experimental setting with a ‘hazard lab’ type environment 
being set up on an actual construction site and running present employees through the 
experiment. Conversely, validation could be conducted concurrently through workers who 
had been employed utilizing the 4pHAT as a selection tool. Actual accident reports that 
included a hazard recognition component could be measured against the scores obtained on 
the 4pHAT at the selection phase.  
 
Conclusion 
The present study aimed to validate the use of the 4pHAT and the HAT as tools to 
measure hazard recognition ability. Through the utilisation of predictive validation method in 
a controlled, lab-based, hazard recognition task context, the evidence presented supports the 
validly of the two tools. While further research would be beneficial to validate the tools in an 
appropriate work sample, the present study has taken a step to fill the void in the health and 
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safety measurement space with a valid, and objective, gamified tool. It is hoped that the 
shorter 4pHAT tool will be seen by safety-conscious organisations as an attractive tool that 
can have a significant impact in reducing the number of workplace accidents, and the 
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Validation of the 4pHAT 
Information Sheet for Participants  
 
 
My name is Jason Hunt and I am a Masters of Applied Psychology student at the University of 
Canterbury conducting a study of the validity of the 4pHAT (A subset of the Hazard Awareness 
Test (HAT)). The purpose of the research is to establish if the 4pHAT is a valid measure of 
individuals hazard recognition abilities. 
 
If you choose to take part in this study, your involvement in this project will be required to 
complete three short computer based tasks consisting of a cognitive measure, personality measure 
and either the HAT of the 4pHAT. All together the tasks should not take more than 30 minutes to 
complete. At the completion of these tasks you will be emailed a link to a survey to be completed 
by an acquaintance of your choosing, reporting on your hazard recognition and safety behaviors. 
You are to send this link, along with a unique code given to you by the researcher, to your 
chosen acquaintance and in doing so you are consenting to them giving data about your 
behaviours.   
  
As a follow-up to this investigation, you will be asked to return to the lab and complete a This 
process will take no more than 30 minutes. You will also receive a $10 Petrol Voucher to give to 
your acquaintance, provided they have filled out the survey by this time. This will be known by 
referencing the survey responses with code given to you in time one. 
 
Participation is voluntary and you have the right to withdraw at any stage without penalty. You 
may ask for your raw data to be returned to you or destroyed at any point. If you withdraw, I will 
remove information relating to you. However, once analysis of raw data starts on [insert date at 
which withdrawal of data, to be complete after ethics], it will become increasingly difficult to 
remove the influence of your data on the results. 
 
The results of the project may be published, but you may be assured of the complete 
confidentiality of data gathered in this investigation: your identity will not be made public without 
your prior consent. To ensure anonymity and confidentiality, your name will only be present on a 
consent form kept separate from all collected data which will be coded for anonymity. All raw 
data will only be view by myself, as the researcher and Chris Burt, as the research supervisor. 
Physical data will be stored in a locked filing cabinet in a locked room. Electronic data will be 
stored on a password protected computer, in a locked room. Data will be destroyed after 5 years, 
unless a publication outlet requires extended archiving of the data.  A thesis is a public document 
and will be available through the UC Library. 
 
Please indicate to the researcher on the consent form if you would like to receive a copy of the 
summary of results of the project.  
 
88  
The project is being carried out as a requirement for the Masters of Applied Psychology 
programme by Jason hunt under the supervision of Chris Burt, who can be contacted at 
christopher.burt@canterbury.ac.nz. He will be pleased to discuss any concerns you may have 
about participation in the project. 
 
This project has been reviewed and approved by the University of Canterbury Human Ethics 
Committee, and participants should address any complaints to The Chair, Human Ethics 
Committee, University of Canterbury, Private Bag 4800, Christchurch (human-
ethics@canterbury.ac.nz). 
If you agree to participate in the study, you are asked to complete the consent form and return to 
the researcher prior to commencing participation.  
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Validation of the 4pHAT 
Consent Form for Participants 
 
□ I have been given a full explanation of this project and have had the opportunity to ask 
questions. 
□ I understand what is required of me if I agree to take part in the research. 
□ I understand that participation is voluntary and I may withdraw at any time without 
penalty. Withdrawal of participation will also include the withdrawal of any 
information I have provided should this remain practically achievable. 
□ I understand that any information or opinions I provide will be kept confidential to the 
researcher and that any published or reported results will not identify the. I understand that a 
thesis is a public document and will be available through the UC Library. 
□ I understand that all data collected for the study will be kept in locked and secure facilities 
and/or in password protected electronic form and will be destroyed after five years, unless a 
publication outlet requires extended archiving of the data. 
□ I understand there are no risks associated with taking part in this study. 
□ I understand that by sending the survey link to my chosen acquaintance I consent to 
information about me being gathered from said acquaintance  
□ I understand that I can contact the researcher [Jason Hunt jason.hunt@pg.canterbury.ac.nz 
] or supervisor [Chris Burt christopher.burt@canterbury.ac.nz ] for further information. If I 
have any complaints, I can contact the Chair of the University of Canterbury Human Ethics 
Committee, Private Bag 4800, Christchurch (human-ethics@canterbury.ac.nz) 
□ I would like a summary of the results of the project.  





















You have been selected (by the individual who forwarded you this email) to participate in a 
research study being conducted at the University of Canterbury. 
  
Participation requires you to answer a number of questions pertaining to the individuals 
Health and Safety Behaviours. You are not at all obliged to participate, though your 
participation would be greatly appreciated. 
  
Click the link below to participate – where you will find an Information sheet, consent form 




For your time and participation, you will receive a $10 petrol voucher. 
  
Please ensure you input the following unique code on the questionnaire so your 
responses can be linked to the participant who nominated and you can receive your 




Unique Code 10XX 
 
 

















Appendix K: Participant Debrief 
 
Participant Debrief -Validation of the 4pHAT 
 
The present study aims to validate the 4pHAT, a subset of the Hazard Awareness Test 
(HAT). The HAT and 4pHAT are Health and Safety Selection tools, used to measure 
individuals Hazard Recognition ability. It is hoped that the 4pHAT and the HAT can be used 
in organisations to reduce the number of workplace accidents resulting from a lack of hazard 
recognition by screening for this ability at the recruitment and selection phase.  
 
Previous validation has been carried out of the HAT. However, the present validation will be 
more specific to the 4pHAT and will be utilising criterion measures that better reflect actual 
hazard recognition abilities. 
 
Multiple criterion measures are being used to aid in this validation such as the number of 
hazards participants are able to identify, the time taken to find those hazards, and ratings of 
hazard recognition and safety behaviours given by an acquaintance of the participants.   
 
It is hypothesised that the criterion measures listed above will be positively correlated with 
the scores on the 4pHAT. 
 
It is asked that you do not share your knowledge or experience of this experiment with other 
potential participants until the completion of data collection on the 1st of November.    
 
Please feel free to ask and questions or express any concerns with the researcher.  
 
Thank you for participating in this research. 
 
 
Jason Hunt  
jason.hunt@pg.canterbury.ac.nz  
 
    
